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TITLE 

Novel polymorphs of l-cyclopropyl-7- ( [S,S] ) -2, 8- 
diazadicyclo (4.3. 0] non-8-yl ) -6-f luoro-1 , 4-dihydro-8-methoxy- 
4-oxo-3-quinoline carboxylic acid hydrochloride and methods 
for the preparation thereof 

ABSTRACT 

Two novel crystalline forms, designated form A and form B of 
the antibacterial agent l-cyclopropyl-7- ( [S,S] ) -2, 8- 
diazadicyolo [4.3. 0]non-8-yl) -6-f luoro-1, 4-dihydro-B-methoxy- 
4-oxo-3-quinoline carboxylic acid hydrochloride of formula, 



o 




•HCI 

the preparation thereof, and their pharmaceutical 
compositions are described. These crystalline forms, which 
are characterized by greater stability and ease of 
preparation and of formulation, can be produced by 
industrially applicable methods which comprises the steps 
of: 

a) suspending l-cyclopropyl-7- ( [S,S] ) -2, 8-dia2adicyclo- 
l4.3.0}non-8-yl) -6-f luoro-i,4-dihydro-8-methoxy-4-oxo-3- 
quinoline carboxylic acid hydrochloride in a solvent 
selected from an alcohol and a polyalcohol, 

b) heating the mixture under reflux, 

c) cooling, 

d) isolating the product which is separated, (form A) and, 
additionally, 

e) reslurrying the solid at reflux in a solvent selected 
from alcohols and polyols or mixtures thereof, in which the 
resulting mixture has an overall water content of between 
2.5% and 0.01% by weight, 

f ) isolating the product (form B) . 
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TITLE 

Novel polymorphs of l-cyclopropyl-7- ( [S.S] ) -2, 8- 
diazadicyclo [4 . 3 . 0] non- 8 -yl ) -6-f luoro-1 , 4-dihydro-8-methoxy- 
4-oxo-3-quinoline carboxylic acid hydrochloride and methods 
for the preparation thereof 

Field of the invention 
The present invention relates to two novel polymorphs of 1- 
cyclopropy 1 - 7 - ( [S , S] ) - 2 . 8 -dia zadicyclo [4 . 3 . 0 ] -non- 8 - yl ) - 6 - 
f luoro- 1 , 4 -dihydro-8 -methoxy-4 -oxo-3-quinoline carboxyl ic 
acid hydrochloride, the methods for the preparation thereof, 
and pharmaceutical formulations which include them. 

State of the art 
1 - eye lopropyl - 7 - ( [S , S] ) - 2 , 8 -diazadicyclo [4 . 3 . 0 ] non- 8 -yl ) - 6 - 
f luoro-1. 4-dihydro-8-methoxy-4-oxo-3-quinoline carboxylic 
acid hydrochloride, also known by the name moxifloxacin 
hydrochloride, is an antibacterial agent of formula: 




• HCI 



which is widely used therapeutically in the treatment of 
infections by antibiotic-resistant bacteria. 
Its preparation is reported in BP550903 and the preparation 
and characteristics of its monohydrate pseudopolymorph are 
described in US58497S2. It is clear from this patent that 
the only Known forms of moxifloxacin hydrochloride are the 
anhydrous form and the monohydrate, extensive identifying 
documentation of which is provided. In the patent, it is 
also written that the anhydrous form of the active 
ingredient is unsuitable for the preparation of 
pharmaceutical formulations since it absorbs water from the 
atmosphere. The monohydrate form, on the other hand, does 
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not have the disadvantage of being hygroscopic and can be 
prepared in the form of crystalline prisms, which confer on 
the powder characteristics of fluidity that are advantageous 
for formulation purposes, or in the form of needles which 
tend rather to clump together. 

According to the US patent, the monohydrate in prism form 
can be produced by suspending moxifloxacin hydrochloride in 
ethanol /water mixtures containing up to 10% of water 
whereas, to form the monohydrate in needle form, water or 
any water/alcohol mixture with a water content greater than 
10% may be used. 

It is also mentioned in the description of the invention 
that, in order to produce the monohydrate form, the relative 
humidity value should not fall below 30% during the drying 
stage, since this condition would lead to the formation of 
the anhydrous form. 

However, the examples of the preparation of moxifloxacin 
hydrochloride monohydrate given in US5B49752 show serious 
limitations of industrial applicability both owing to the 
large volumes of solvent that are used and owing to the 
subsequent production technique. 

in fact the method provides first of all for the anhydrous 
form of moxifloxacin hydrochloride to be dissolved in a 
large quantity of solvent and then for the solvent to be 
evaporated completely so that the active ingredient is 
recovered as the evaporation residue. However, if this 
evaporation to dryness is performed hot, for example, by 
heating to 60-70°C, it may lead to degradation of the 
product whereas, if it is performed spontaneously at room 
temperature as described in Examples 5 and 6 of the US 
patent, it requires very long periods of time that are not 
practicable industrially. 

In conclusion, there is at the moment still a need to 
identify an industrially applicable method of producing a 
stable and easily formulated form of moxifloxacin 



hydrochloride which does not require laborious stages for 
the evaporation of large volumes of solvent and which xs 
sufficiently quick and gentle not to lead to alterations xn 

the final product. 

Description of the invention 
The subjects of the present invention are therefore two 
novel, stable, and easily formulated crystalline forms of 
moxifloxacin hydrochloride, a method for the preparation 
thereof, and pharmaceutical formulations, which include 

them. _ 
It has in fact surprisingly been found that, by means of an 
easily industrially applicable method, which comprises the 

steps of: . 

a) suspending moxifloxacin hydrochloride in a suitable 

solvent , 

b) heating the mixture under reflux, 

c) cooling, and 

d) isolating the product which is separated, 

a novel hydrated crystalline form of moxifloxacin 
hydrochloride, which is stable and easy to formulate, 
designated as moxifloxacin hydrochloride form A is obtaxned. 
Further, by subjecting the product resulting form the above 
step d) to the following additional stages characterized by 

e) reslurrying the solid in a suitable solvent, and 
£) isolating the product, 

another novel form of moxifloxacin hydrochloride, named form 
B, stable and easy to formulate too, is prepared. 
The starting moxifloxacin hydrochloride may be either xn 
amorphous form or in any crystalline form, for example, in 
anhydrous or monohydrate crystalline form, as described in 
US5849952. Preferably, the starting moxifloxacin 
hydrochloride is an anhydrous form having a water content of 
lees than 0,3%. 

The solvent used in the method described above is generally 
an alcohol or a polyol, preferably a Cl -C 6 alcohol or polyol, 



for example, methanol, ethanol, isopropanol, n-propanol n- 
butanol, isobutanol, terbutanol, n-pentanol, n-hexanol 1.2- 
ethandiol, 1,2-propandiol, 1 , 3 -propandiol , methoxyethanol 
methoxypropanol. etc.... most preferably ethanol or 
isopropanol. or mixtures thereof. 

in particular, the novel crystalline forms of moxifloxacn 
hydrochloride can be produced, in accordance with the above - 
described steps, by the suspension of moxifloxacxn 
hydrochloride in the preselected solvent, provided that the 
resulting mixture has an overall water content of between 
2 5% and 0.01% by weight. -Overall water content" means the 
quantity of water resulting from the sum of the water 
content of the starting moxifloxacin hydrochloride and of 
the water contained in the solvent. 

Preferably, a solvent with a water content of between 1% and 
0.01%, more preferably between 0.3% and 0.01%, and even more 
preferably between 0.1 and 0.01% is used. 

The production of these novel crystalline forms is 
particularly surprising in the light of the misleading 
teaching provided by the patent US5849752, in fact in the 
description thereof (col. 2, lines 62-65) it is stated that 
-the preferred monohydrate form in the form of prxsms can be 
obtained by suspending the crystalline anhydrous product in 
ethanol/water mixtures, particularly in the said mixtures 
with a maximum water content of 10%», thus meaning also 
mixtures with 2.5%, 1% or 0.1% of water. In fact, in these 
conditions, it has surprisingly been found that, instead of 
the prism form described by the US patent, form A or, 
following the additional steps e) - f ) , form B, which are 
the subject of the present invention, are obtained, 
in the method for the preparation of form A, the solvent is 
generally used in a ratio of between 50:1 and 2:1, 
preferably between 30:1 and 5:1, more preferably about 10:1, 
the ratio being expressed as ml of solvent per gram of 
moxifloxacin hydrochloride. 
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The mixture of moxifloxacin hydrochloride and solvent is 
Kept under reflux (step a) for a variable period of t me 
which will depend on various factors such a,, for example, 
the type of solvent, the form of the starting product, the 
total quantity of water, etc., and is preferably at least l 
hour, more preferably about 4 hours. 

The cooling of the mixture (step b) may be spontaneous , or 
accelerated by appropriate means Known to a person skilled 
in the art. The mixture may be cooled to room temperature or 
cooling may continue to lower temperatures,- in general, it 
iB preferred to allow the mixture to cool spontaneously 
until room temperature is reached. 

in a particularly preferred method, cooling to room 
temperature takes place in about 2 hours and the mixture is 
allowed to rest at that temperature for a further 2 hours 
before the isolation is performed. 

The novel crystalline forms according to the invention are 
isolated (step d and f) by conventional techniques, for 
example, by filtration, decantation or centrifuging. 
The novel crystalline form h of moxifloxacin hydrochloride 
is characterized by the X-ray diffraction spectrum (XRD) 
which is shown in Figure 1 and described in Table 1, by the 
solid-state "C-NMR spectrum which is shown in Figure 2 and 
tabulated in Table 2, by the » spectrum which is given in 
Figure 3 and by the DSC trace which is shown in Figure 4 . 
The differences in comparison with the known forms can 
clearly be distinguished by comparing this spectral data 
with that of the anhydrous and monohydrate forms described 
in USS849752. In particular, in the XRD spectrum of the 
novel form, characteristic peaks situated at 7.2. 
and 21.6 are distinguished and, in the solid-state C-NMR 
spectrum, characteristic peaks are shown at 169.1, 164.6, 
151.8. 115 .7 and 67.7, as results from the following table: 
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Table 1 

X-ray diffraction spectrum of moxifloxacin hydrochloride 
form A, registered on a Philips PW3710 9 pectrometer (X-ray 
Diff ractometer) . 

(Cu Ka radiation, generator voltage 40 kV, slit divergence 
X*, receiving slit 0.2 mm, scan mode step start angle 5.000, 
end angle 35.000, time per step 2.000a) 





D "[k\ " 
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7 . 220 
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86.1 1 


i\J . J J5 
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1 0 1 1 0 


7.1842 


19.4 
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20.375 
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23.625 
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24.705 


3.6007 


26.9 


25.115 


3.5428 
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25.815 
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26.440 
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2.7718 
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33 .900 
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Table 2 

Solid-state "C-NMR absorptions of moxifloxacin 

hydrochloride form A (p.p.-.). Spectrum registered on 
Varian 400 instrument: 




The novel crystalline for. A of ,»oxif loxaon ** ochlor de 
is stable if left in air at root, temperature for 5 days 
, Fi9 ure 5) , in fact ic can be sean fro. the figure that the 
XRD profile does not differ substantially fro* the reference 
profile of the novel form A. 

Moxifloxacin hydrochloride form A has workabxlxty and 
fluidity characteristics, which are optimal for formulation 
and does not lose these properties, even after compressxon 
testa . 

As previously stated, Moxifloxacin hydrochloride form B may 
be prepared according to the following steps: 

a) suspending moxifloxacin hydrochloride in a solvent 
selected from alcohols and polyols or mixtures thereof, xn 
which the resulting mixture has an overall water content of 
between 2.5% and 0.01% by weight, 

b) heating the mixture under reflux, 

c) cooling, 

d) filtering the solid obtained, 

e) ^slurrying at reflux the solid in a solvent selected from 
alcohols and polyols or mixtures thereof, in which the 
resulting mixture has an overall water content of between 
2.5% and 0.01% by weight and 

f) isolating the product. 

in the method above described, the solvent in both the steps 
a) and e) is generally used in a ratio of between 50:1 and 
2-1 preferably between 30:1 and 5:1, more preferably about 
10:1, the ratio being expressed as ml of solvent per gram of 
moxifloxacin hydrochloride. 

The mixture of moxifloxacin hydrochloride and solvent xe 
Kept under reflux for a variable pericd of time which will 
depend on various factors such as, for example, the type of 
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,o lV .nc. th. tor. ot Che startin 9 product, the ^1 
quantity of water, etc., and t. preferably at Last 1 hour, 
more preferably about 4 hours. 

The cooling of the mixture (step c) may be spontaneous or 
accelerated by appropriate means Known to a person skilled 
in the art. The mixture may be cooled to room temperature 
or cooling may continue to lower temperatures; in general, 
it i. preferred to allow the mixture to cool spontaneously 
until room temperature is reached. 

in a particularly preferred method, cooling to room 
temperature takes place in about 2 hours and the mixture « 
allowed to rest at that temperature for a further 2 hours 
before the isolation (step d) is performed. 
The product obtained is then filtered and charged again as 
wet in a reactor where a reslurry at reflux in one of the 
solvents as defined above is performed (step e) . tor a 
period of time ranging generally from 1 to 4 hours, 
preferably for about 2 hours. After cooling, the crystalline 
material is isolated (step f ) , generally by filtration, and 
dried under vacuum, preferably at 40'C for 12 hours, thus 
obtaining moxifloxacin hydrochloride form B. 
The novel crystalline form B of moxifloxacin hydrochloride 
is characterized by the X-ray diffraction spectrum (XRD) 
which is shown in Figure fi and described in Table 3, by the 
IR spectrum which is given in Figure 7, and by the DSC trace 
which is shown in Figure 8. The differences in comparison 
with the known forms can clearly be distinguished by 
comparing this spectral data with that of the anhydrous and 
monohydrate forms described in USS849752. in particular, in 
the XRD spectrum of the novel form B, characteristic peaks 
situated at 7.2, 8.8, 10.5 and 14.7 are distinguished. 

Table 3 

X-ray diffraction spectrum of moxifloxacin hydrochloride 
form B, registered on a Philips PW3710 spectrometer (X-ray 
Dif f ractometer) . 
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(cu Ka radiation, generate, voltage 40 KV, slit divergence 
receiving slit 0.2 mm, s=an tnode step start angle 5.000, 
end angle 35.000, time per step 2.000s) 
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The following preparation examples are now given to 
illustrate some of the methods that can be used to obtain 
the novel crystalline forms of moxifloxacin hydrochloride 
but they are not intended to limit the invention in any way. 

EXAMPLE 1 , n . 

907 4 g of moxifloxacin hydrochloride monohydrate and 9070 

m l of absolute ethanol (K.P. < 0.1%) were loaded into a 10 
liter jacketed reactor and equipped with a mechanical 
stirrer, reflux condenser, and thermometer. The suspension 
was brought to reflux with stirring and was kept in those 
conditions for 4 hours. The temperature was then reduced to 
20«C and the solid was filtered out and washed with 900 ml 
of absolute ethanol. The filtered solid was then discharged 
and dried under vacuum (30 mmHg) at 40-C for 18 hours to 
give moxifloxacin hydrochloride form A having a water 
content of about 1% (K.F.). 
EXAMPLE 2 

10 g of anhydrous moxifloxacin hydrochloride and 200 ml of 
ethanol with 0.3% K.F. were loaded into a 250 ml flask. The 
mixture was brought to reflux and kept in those conditions 
for 4 hours, after which it was cooled to room temperature. 
The solid product was filtered out and washed with 30 ml of 
absolute ethanol. The solid was dried under vacuum (30 mmHg) 
at 40»C for 16 hours to give 8.5 g of moxifloxacin 
hydrochloride form A. 
EXAMPLE 3 

20 g of anhydrous moxifloxacin hydrochloride and 250 ml of 
isopropanol with 0.2% K.F. were loaded into a 500 ml flask. 
The mixture was brought to reflux and was kept in those 
conditions for 4 hours, after which it was cooled to room 
temperature. The solid product was filtered out and washed 
with 50 ml of isopropanol. The solid was dried under vacuum 
(30 mmHg) at 40»C for 16 hours, to give 8.0 g of 
moxifloxacin hydrochloride form A. 
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H o, anhydrous moxifloxacin Hydrochloride and 200 ml of 
sobutanol with 0.3% K.P. were loads* into a 250 .X <U*. 
The fixture was brought to reflux and was Kept ir . those 
conditions for 4 hours, after which it was cooled to roe. 
temperature. The solid product was filtered -^"^ 
with 30 ml of absolute ethanol. The solid was dried under 
vacuum (30 mmHg) at 40»c for 16 hours to give 7.8 g of 
moxifloxacin hydrochloride form A. 
EXAMPLE 5 

10 g of moxifloxacin hydrochloride monohydrate and 200 ml of 
1,2-propandiol with 0.1% K.P. were loaded into a 250 ml 
flask. The mixture was brought to reflux and was kept in 
those conditions for 4 hours, after which it was cooled to 
room temperature. The solid product was filtered out and 
washed with 30 ml of absolute ethanol. The solid was dried 
under vacuum (30 mmHg) at 40»C for 16 hours to give 8.2 g of 
moxifloxacin hydrochloride form A. 
EXAMPLE 6 

200 mg of moxifloxacin hydrochloride form A, 200 mg of 
Avicel Ph 112, and 5 mg of magnesium stearate were 
introduced into a mortar. 

The powder was mixed and transferred into a Graseby Specac 
press and compressed by the application of a compression 
force of 5 tons. The procedure described was repeated a 
further 10 times, producing 10 identical tablets. 

EXAMPLE 7 , - 

10 g of anhydrous moxifloxacin hydrochloride and 200 ml of 
ethanol with 0.3% K.P. were loaded into a 250 ml flask. The 
mixture was brought to reflux and kept in those conditions 
for 4 hours, after which it was cooled to room temperature. 
The solid product was filtered out and washed with 30 ml of 
absolute ethanol. The solid was recharged in a 250 ml flask, 
200 ml of absolute ethanol with 0.1% K. P. were added and 
the mixture was brought to reflux and maintained in these 
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condign, for 1 hour. Then the temperature was io-ered « 
25 -c ana the cryetaUlne eoUd waa filtered and »* 
absolute athanol. After drying under vaouum <30 «H9> at 
,0-C for 16 houre 8.0 9 of moxifioxacin hydrochloride form B 
were obtained. 

EXAMPLE 8 - 
20 g of moxifioxacin hydrochloride monohydrate and 250 ml of 
isopropanol with 0.2% K.P. were loaded into a 500 ml flask. 
The mixture was brought to reflux and was kept in those 
conditions for 4 hours, after which it was cooled to room 
temperature. The solid product was filtered and washed w.ch 
50 ml of isopropanol. The solid was recharged in a 250 ml 
flask. 200 ml of isopropanol with 0.1% K. F. were added and 
the mixture was brought to reflux and maintained in these 
conditions for 1 hour. Then the temperature was lowered to 
25«C and the crystalline solid was filtered and washed with 
isopropanol. After drying under vacuum (30 mmHg) at 40<>c for 
16 hours 17.2 g of moxifioxacin hydrochloride form B were 
obtained. 
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CLAIMS 

i. Moxifioxaoin hydrochloride form A. oharaotarised hy an X- 
ta y di«raotlon epactru™ having the Mm P™^' 1 
peaks : 
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2. Moxifloxacin hydrochloride form A, characterized by an X- 
ray diffraction spectrum as shown in Figure 1. 

3. Moxifloxacin hydrochloride form A, characterized by a 
solid-state »C-NMR epectrum as shown in Figure 2. 

4. Moxifloxacin hydrochloride form A, characterized by an IR 
spectrum as shown in Figure 3. 

5. Moxifloxacin hydrochloride form A, characterized by a DSC 
graph as shown in Figure 4. 
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«. A method for the preparation of Ofloxacin hydrochloride 
form. A which comprises the steps of: 

a , suspending moxifloxacin hydrochloride in a solvent 
selected from alcohols and polyols or mixtures thereof, in 
which the resulting mixture has an overall water content of 
between 2.5% and 0.01% by weight, 

b) heating the mixture under reflux, 

c) cooling, and 

d) isolating the product. 

7 A method according to Claim 6 in which the moxifloxacxn 
hydrochloride in step a) is in anhydrous or monohydrate 
crystalline form. 

8. A method according to Claim 7 in which the moxifloxacm 
hydrochloride is in an anhydrous form having a water content 
of less than 0,3%. 

9. A method according to Claim 6 in which the solvent is a 
C X -C S alcohol or polyol. preferably ethanol or isopropanol. 

10. A method according to Claim 6 in which the solvent has a 
water content of between 1% and 0.01%, preferably between 
0.3% and 0.01%, more preferably between 0.1% and 0.01%. 

11. A method according to Claim 6 in which the mixture is 
cooled to room temperature. 

12. A method according to Claim 6 in which the solvent is 
used in a ratio of between 50:1 and 2:1, preferably between 
30:1 and 5:1, more preferably about 10:1. the ratio being 
expressed as ml of solvent per gram of moxifloxacin 
hydrochloride. 

13. A method according to Claim 6 in which the mixture is 
heated under reflux for at least 1 hour, preferably for about 
4 hours. 

14 . A method for treating bacterial infections whxch 
comprises adminietering moxifloxacin hydrochloride form A 
according to Claims 1 to 5 to a patient in need of such a 
treatment . 



16 



15 Pharmaceutical compositions comprising moxifloxacxn 
hydrochloride form A according to Claims 1 to 5 and at least 
one pharmaceutical^ acceptable excipient. 

16. Moxifloxacin hydrochloride form B, characterized by an 
X-ray diffraction spectrum having the following principal 
peaks : 
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17. Moxifloxacin hydrochloride form B, characterized by an X- 
ray diffraction spectrum as shown in Figure 6. 
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«. Moxitioxacin hydrochloride form B. characterised by an n 
spectrum as shown in Figure 7 . 

». Moxitioxacin hydrochloride form >. characterised by a DSC 
graph as shown in Figure 8. 

L A method for the preparation of mox.floxac n 
hydrochloride for* B, which comprises the steps the steps of: 

a) spending moxifloxacin hydrochloride in a solvent 
selected from alcohols and polyols or mixtures thereof, in 
which the resulting mixture has an overall water content of 
between 2.5% and 0.01% by weight, 

b) heating the. mixture under reflux, 

c) cooling, 

d) isolating the product, 

e) ^slurrying at reflux the solid in a solvent selected from 
alcohols and polyols or mixtures thereof, in which the 
resulting mixture hae an overall water content of between 
2.5% and 0.01% by weight and 

f) isolating the product. 

21 A method according to Claim 20 in which the moxifloxacm 
hydrochloride in step a) is in anhydrous or monohydrate 
crystalline form, 

22 A method according to Claim 21 in which the moxifloxacin 
hydrochloride is in an anhydrous form having a water content 
of less than 0.3%. 

23. A method according to Claim 20 in which the solvent of 
ateps a) and e) is a Cl -C 4 alcohol or polyol, preferably 
ethanol or ieopropanol. 

24 . A method according to Claim 20 in which the solvent of 
steps a) and e) has a water content of between 1% and 0.01%, 
preferably between 0.3% and 0.01%, more preferably between 
0.1% and 0.01%'. 

25. A method according to Claim 20 in which the mixture is 
cooled to room temperature. 



. m 90 < n which the solvent is 
26 . a «»thod according to Claim 20 » whlc 
used in a ratio of between 50:1 and 2=1, preferably between 

expreseed ae ml of advent per gram of moxifloxacm 

according to Claim 20 in which etep a, ie 
performed by heating the mixture under reflux for 1 to 
hours, preferably for about 2 hours. 

28 . /method for treating bacterial infective, which 
arises administering moxif loxacin hydrochlorrde form B 
according to claims 1, to 19 to a patient in need of such a 



treatment, . 
29 Pharmaceutical composition* comprising moxifloxacin 
hydrochloride form B according to Claims 16 to 19 and at 
least one pharmaceutical ly acceptable excipient. 
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